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Abstract. The results of and [NII]A6583 observations 
of the spiral galaxy NGC 1084 at the SAO 6m telescope 
with a Fabry-Perot interferometer are presented. The com- 
plex structure of the emission line profile has revealed the 
presence of giant star formation regions ( "spur" ) in the 
NE part of the galaxy. In this region the Ha line shows 
two distinct components, with line-of-sight velocity differ- 
ences of ±(100 — 150) kms~^. The first component corre- 
sponds to normal circular rotation. The second velocity 
component may be a signature of non-circular motions of 
the ionized gas in shock wave fronts. An increase of the 
[Nil] I a a line ratio confirms the shock wave interpretation 
of these features. The ionized gas kinematics in this galaxy 
is discussed. 
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K>" 1. Introduction 



A velocity field of interstellar gas in spiral galaxies is not 
only a good indicator of mass distribution and structural 
properties of their disks, but can also reveal perturbations 
in diffuse matter related to local sources of energy. Non- 
circular motions of gas can locally trigger an active star 
formation, and, in turn, may be the result of the collective 
action of massive young stars on a short time scale. 

Actually, a model of circular gas motion in the disk of 
any galaxy is no more than a first approximation to the 
real kinematic picture. Apart from the evident cases of 
tidal forces or of an active nuclear region (which will not 
be considered here), responsible for peculiar gas motions, 
the most common reason of deviation from circular motion 



* Based on observations collected with the 6m and Im tele- 
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is a presence of a spiral density wave or a bar. In these 
cases, non-circular velocity components have well-ordered 
systematic character related with the optically observed 
structure. 

However in some galaxies local velocity perturbations 
exceeding 30—50 kms~^ have been discovered, which cover 
large regions from a few hundred pc up to a few kpc size. 
Good examples are two regions observed in M 101 in the 
HI line (van der Hulst & Sancisi 1988| ) which show peculiar 
velocity components reaching 150kms~^, as well as giant 
HI supershells expanding with velocities of 25 — 45 kms^^ 
in NGC 463 1 ( Ra nd & van der Hulst |1993D , NGC 1313 
(Ryder et al. |1995| ) and IC 2574 (Walter et al. |1998[ ). The 
typical kinetic energy of perturbed gas motions in these 
cases is about 10^'^ — 10^'* ergs, and their connection with 
sites of star formation is obvious. Although in different 
galaxies the nature of local velocity peculiarities may not 
be the same, there are two ways to explain it: local bursts 
of star formation (stellar winds, explosions of supernova 
or hypernova) or accretion of intergalactic gas clouds and 
dwarf gas-rich galaxie s (see references and discussion in 
Rand & van der Hulst |l993|) . 

In this paper we describe the discovery of an extended 
region of unusual strong non-circular motion of gas in the 
spiral galaxy NGC 1084 from optical observations in the 
Ha and [Nil] emission lines. 

NGC 1084 is a late-type spiral galaxy classified as 
SA(s)c in the Reference catalog of bright galaxies (RC3). 
The distance adopted in this paper is 18.5 Mpc (iJo = 
75kms~^Mpc'^). At first glance, NGC 1084 is a nor- 
mal galaxy with mildly inclined disk, a regular two-armed 
grand design spiral structure, and without close optical 
companions or any morphological peculiarities. The rota- 
tion of the gas in this gal axy w as measured on several 
occasions. Burbidge et al. ( 1963 ) obtained three long-slit 
spectra in the spectral range near Ha-, making two cuts 
along the major axis and one cut along the minor axis. Yet, 
the accuracy of their measurements was low, and the ob- 
tained velocity curve was unreliable. Kyazumov (1981) has 
performed a long-slit study of NGC 1084. He has obtained 
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improved linc-of-sight velocity distributions, although the 
shape of the rotation curve remains uncertain. The maxi- 
mum rotation velocity of 130 — 140 kms~^ which he finds, 



has been confirmed later by Afanasiev et al. (1988). These 
authors have obtained long-slit spectroscopy with a dig- 
ital detector (IPCS 512 x 512) at the 6m telescope. The 
rotation curve of the ionized gas has been of a higher accu- 
racy than previous determination. In particular, it is found 
that the velocity curve reaches its maximum very close to 
the center - at a radius of i? « 10" — 15". Two long-slit 
cross-sections ~ along the major axis and under an an- 
gle of 30° to it - indicate flat velocity distributions up to 
±50" from the center. Besides, the higher spatial resolu- 
tion enables them to detect some non-circular phenomena. 
Firstly, in the central region {R < 5") a difference in veloc- 
ities measured from Ha and from the forbidden emission 
lines ([Nil] and [SII]) is found. The authors have inter- 
preted it as a possible signature of two differently rotating 
gaseous systems, where non-circular velocities associated 
to the forbidden lines would be caused by a low-contrast 
nuclear minibar. Secondly, at PA = 4° an extended re- 
gion located 40" to the N has been localized, which shows 
a negative excess of line-of-sight velocity up to 30kms~^. 
No explanation is proposed for this feature. 

In this paper, new observations of NGC 1084 with 
a Fabry-Perot interferometer at the SAO 6m telescope 
are presented. The main goal of the observations was the 
study of the velocity field of the ionized gas in the galaxy 
as a whole. We focus on investigating strong non-circular 
gas motions in the northern part of the galaxy. The analy- 
sis of gas grand-design motions in the spiral structure will 
be given in a forthcoming papers. 

The paper is structured as follow: In the next section 
(Sect. 2), we describe the observations and data reduc- 
tion; the ionized gas kinematics is described in Sect. 3; 
possible explanations of nom-circular gaseous motions are 
discussed in Sect. 4; conclusions are drawn in Sect. 5. 



2. Observation and data reduction 

2.1. Observations with the Fabry-Perot Interferometer 

The two-dimensional velocity field of NGC 1084 was ob- 
tained on October 26, 1995 at the SAO 6m reflector, us- 
ing a scanning Fabry-Perot interferometer (FPI) installed 
in the pupil plane of a focal reducer attached to the f/4 
prime focus of the telescope. The detector was an inten- 
sified photon counting system (IPCS). The observational 
parameters are given in table |l|. 

An order separating filter with FWHM « 26 A was 
used, centered at 6603A, close to the redshifted galactic 
emission line Ha. The filter bandpass includes also the 
nitrogen emission line [NIIJA6583. This line falls into the 
interfringe of the etalon - very close to the next order Ha 
line. Usually such situation complicates data processing 
and interpretation, but in our case the proximity of Ha 
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Fig. 1. The emission lines into the order separating filters, a - 
on the common wavelength scale, the solid gaussian is the fil- 
ter transmission, the gray boxes are the emission lines of NGC 
1084: [NII]A6548, and [NII]A6583 (see text); as well the 
lines of the night sky are plotted with their wavelengths and 
relative intensities values from Osterbrock et al.(1996). Near 
the wavelength axis the numbers of the interference orders rel- 
ative of the Ha order are indicated, b - the night sky spectrum 
on the Ha-order wavelength scale. The thin line is the mean of 
the sky spectrum from our FPI data. The thick lines are the 
night sky lines from the neighboring orders. The lines marked 
with letters are from figure (a), the interference order for each 
line is given within brackets. 



and [Nil] interference rings was purposely used to com- 
pare gas kinematics in two emission lines from the same 
observational data set. 

Observational data were converted into a cube of 32 
images. A neon lamp spectrum was used for phase calibra- 
tion. Reduction of the observational data was performed 
using the software AD H OC d eveloped at the Marseille 
Observatory (Boulesteix 1993). It includes a phase map 
construction (wavelength calibration), subtraction of the 
night sky emission, spatial and spectral smoothing. The 
spatial resolution of our data, after smoothing, is 3"5, and 
the spectral resolution is close to 50kms~^. Uncertainty 
of velocity measurements depends mostly on calibration 
errors and is about lOkms"^. 



After phase calibration, the first spectral channel cor- 
responds to 6585.5 A (1039 kms""'^ at the redshifted Ha 
line). The [NIIJA6583 line is observed in the -2 interference 
order relatively to the iJce-line order and has a visible shift 
of —6.2a (285kms~^) from the Ha line position. There- 



A.V. Moiseev: Strong non-circular motions of gas in the spiral galaxy NGC 1084 



3 




Fig. 2. Direct images of NGC 1084. The dash contour shows the "spur" region (see text), a - image from FPI-data. White 
crosses mark the locations of SN 1996an and SN 1998dl. The rectangular region corresponds to the field displayed in Fig. 3 
and Fig. 4. Contours of the Ha velocity field are superposed. Labels indicate the velocity values in kms~^. b - I-band image 
obtained at the Im telescope. 



Table 1. FPI observations parameters. 



Number of pixels 


256 X 256 (binninf 


; 2 X 2) 


Pixel size 


0'.'92 




Galaxy Ha wavelength 


Ag = 6594 A 




Etalon interference order 


501 at 6563 A 




Free spectral range 


13. 41 A (602 km s" 


at \g) 


Number of spectral channels 


32 




Channel size 


0.4lA (18.8 kms" 


^ at Ag) 


Exposure time for each channel 


225 s 




Total exposure time 


7200 s 




Seeing 


2" 





fore, the emission lines are certainly separated since the 
spectral resolution of the FPI is about 50kms~^. 

Fig. shows the transmission curve of the nar- 
rowband order separating filter, while the Ha and 
[Nil] A6548, 6583 emission lines positions are marked as 
gray boxes. The width of these boxes corresponds to the 
full range of observable velocities (1230 — 1590 km s^^). 
The high velocity components of the Ha line were in- 
cluded. The relative heights of the gray boxes have been 
set from normal emission lines ratio in HII regions. The 
flux from the [NIIJA6548 line must then be 10 times lower 
than the flux from the [NIIJA6583 line due to the fllter 
transmission. Indeed, there is no traces of [NIIJA6548 in 
our FPI spectra. 

Relative intensities of the night sky emission lines from 
Osterbrock et al.( 1996 ) are shown in Fig.|l|. The FPI's 



mean night sky spectrum was obtained as an integrated 
emission on the detector's part which is free from emission 
of the galaxy and its ghost image. Then the mean night 
sky spectrum was subtracted from all Fabry-Perot spec- 
tra. The total mean night sky spectrum plotted in Fig. 
|l]b and the individual sky lines from Fig. |^a are super- 
imposed on the FPI spectrum. The relative intensities of 
these emission lines were multiplied on the filter bandpass 
transmission curve and the wavelengths of the night sky 
lines were converted to the wavelength scale for the Ha 
interference order. 

The night sky lines A6596 (label C in Fig. 0) and A6604 
(label D) are the main contributors to the observed FPI 
spectra. Contribution from other lines is negligible ( in- 
cluding A6577 which is the brightest in the filter bandpass 
but is located in the extreme blue wing of the filter). Dis- 
crepancies between the FPI night sky spectrum and the 
line intensities and positions from Osterbrock et al.( p-996 ) 
are due to calibration errors and night sky brightness vari- 
ations. 

In Sect. 3 it will be shown than all non-circular com- 
ponents of the object's emission lines are brighter than 
the mean night sky spectrum. Therefore the errors due to 
subtraction of the night sky lines have no influence on the 
measurement of the high velocity motions of the gas. 

The velocity map and monochromatic Ha and red con- 
tinuum images of the galaxy were constructed after sky 
subtraction and smoothing procedures. All spectral chan- 
nels within ±150 kms^^ (8 channels) from the channel 
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Fig. 3. The color index (V-Ic) of NGC 1084. The dash contour 
shows the "spur" region (see text). 



with maximal intensity were summed in each pixel to ob- 
tain the Ha image. The non-circular component of 
has a relative velocity larger than 100 km s^^ only in re- 
gions where its intensity is negligible in comparison with 
the main Ha component (see below). Therefore the veloc- 
ity range ±150 kms^^ is optimal for measuring the total 
flux. The Ha flux is calibrated using the integrated flux 
of He, -f [Nil] in NGC 1084 from Kennicutt & Kent ( |1983D 
and assuming a line ratio Lh^+[nii]/ Lh^ — 1-5. 

Baricenters of the Ha and [Nil] lines were calculated 
to obtain the full-format velocity fields (the map of the 
first moment) in these lines. Fig. |^a. shows the Ha image 
of the galaxy and isovelocities of the Ha velocity field. For 
the regions with complex emission line profiles we used a 
multi-component gaussian analysis. 



2.2. Photometric observations 

Images of the galaxy were obtained on January 14, 1997, 
at the SAO Im Zeiss reflector with a CCD camera through 
the V filter of Johnson's system and Rc, Ic filters of 
Cousin's system. The pixel size of CCD was 0.49", the 



seeing was about 2'.' 5. Standard stars from Landolt (1992) 
were observed for fiux calibration. The rms error in the 
determination of the photometric zero points was 0^*^01. 

The image of NGC 1084 in Ic is shown in Fig. |b. Let 
us note that the spiral structure which is well seen in the 
broad band image can hardly be traced in Ha (Fig. ||a). 



A map of the (V-Ic) color index is shown in Fig. |[ 
A thick clumpy dust lane ("red" region in this image) 
appears in the SE inner part of NGC 1084 suggesting 
that this side of the galaxy is the closest to us. Since 
the SW part of the galaxy is redshifted and the NE part 
is blueshifted (see the velocity field on Fig. |^), the spi- 
ral arms are trailing. This situation is ordinary for spiral 
galaxies. 

3. Gas kinematic properties 

In the NE part of the galaxy there appears a chain of HII 
regions which does not match the shape of the spiral arm. 
This structure, which we call a "spur" , is outlined in Fig. 
H by a dash contour. It begins near a bright HII region 
and extends nearly perpendicular to the spiral arm. The 
total Ha luminosity of the spur reaches 15 — 20% of the 
total Ha luminosity of the galaxy. 

The mean velocity curve used as the reference curve of 
circular rotation was derived from the velocity measure- 
ments across the entire body of the galaxy by applying 
the custom developed softw are based on the algorithm de- 
scribed by Begeman ( |1989D for pure circular rotation. As 
a first step we find the dynamical center position and the 
mean value of the systemic velocity Vsys- As a second 
step these parameters are fixed, and the position angle 
of the kinematical major axis PA and inclination i are 
estimated in tilted rings of 3" width. Fig. ^ shows the ra- 
dial dependence for the rotation velocity Vrot (Fig. ^), 
for PA (Fig. ^) and for disk inclination i (Fig. ^). At 
R > 65", velocity data are available only for small emis- 
sion islands in the WE (part see Fig. |^a) and in this region 
we fix the mean values for i and PA. The resulting mean 
disk parameters ( i = 57°, PA = 34°, Vsys 1435 kms^^) 
are in good agreement with those found by Afanasiev et 
al. (1985). The disk orientation parameters being fixed at 



their mean value and the rotation curve being extracted 
from the Ha velocity field (Fig. |^a), this figure shows that 
the circular rotation velocity is approximately constant 
and does not exhibit any peculiarities for the radius range 
R = 40" - 90". 

In the most part of the galaxy the profiles of the Ha 
and [Nil] emission lines are quite symmetrical and have 
a gaussian shape (except the central region R < 15" — 
20" where a bar-like structure may be located). But in 
the "spur" the emission profiles differ from the common 
picture. In many locations in the "spur" the H^ profiles 
split into two components: a "normal" component, close 
to the expected one from the circular rotation velocity 
field, and an "abnormal" component, shifted by ±(50 — 
150)kms~^. To study this peculiarity in detail, we have 
binned resulting in our data cube (by 2 x 2) an enlarged 
pixel size of 1'.'84. Double-horned profiles of the spectral 
lines were fitted by two gaussians, corresponding to the 
"normal" and "abnormal" velocity components. Both Ha 
and [NII]A6583 emission lines were used. In some regions 
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Fig. 4. Analysis of the velocity field of the ionized gas in circu- 
lar rotation approximation: a - rotation curve, b - position an- 
gle of the kinematical major axis, c - disk inclination. Dashed 
lines indicate the mean values of the orientation parameters 

of the spur the latter appears to be strongly enhanced, 
almost up to the level of the Ha hue intensity. 

Fig. H reproduces the enlarged iJa-image of the "spur" 
, where different regions are identified by letters A - H. 
Typical line profiles of Ha and [NIIJA6583 are also shown 
for every region in Fig. |^i and Fig. ||. The vertical ar- 
rows in each frame corresponds to the velocity of circular 
rotation. 

The regions with abnormal velocity components have a 
complex shape and are located mainly between the bright 
HII regions of the "spur" , avoiding the sites of active star 
formation. Although the brightness of emission lines away 
from HII regions is rather low, the observed anomalies 
are reliable features. As an illustration. Fig. |^ shows nor- 
mal line profiles obtained for a low brightness region. The 
bright giant HII regions possess quite normal line profiles 
(see Fig. P), and their velocities correspond to the ex- 
pected ones for the pure rotation. 

To obtain a map of residual velocities in the given re- 
gion of the galaxy, the simulated 2D line-of-sight velocity 
field corresponding to the mean rotation curve (Fig. 
was subtracted from the observed velocity field. The map 
of the residual velocities overlapped by the isophotes of 
the Ha image is shown in Fig. ^ - separately for "normal" 
and "abnormal" components. It shows that local velocities 
of the "normal" components are not perturbed by HII re- 
gions. They are in good agreement with the rotation, and 



hence are related to the non-disturbed gas. Let us note 
however that the dispersion of residual velocities is about 
20kms~"'^ that exceeds the observational errors and might 
reflect velocity perturbation by a density wave. On the 
contrary, velocities of the "abnormal" components differ 
from circular velocities by about lOOkms"^ and as men- 
tioned above they are observed mostly between the bright 
HII regions. 

Kinematic and photometric parameters of the regions 
marked in Fig. ^, are given in Table |. Column (1) 
gives the region identification in agreement with Fig. 
I Columns (2) ~ (3) give the mean velocity residuals 
(observed velocity minus circular velocity) for "normal" 
(F") and "abnormal" {V"") velocity components, mea- 
sured from Ha profiles. Column (4) gives the residual ve- 
locities found for [NIIJA6583, columns (5) and (6) provide 
the intensity ratios of [Nil] to H^ lines and the ratio of 
"normal" to "abnormal" Ha components. The errors in 
columns (2)-(6) were obtained by the intensity-weighted 
averaging of values over the whole region. Column (7) 
gives the total Ha luminosity (in 10^^ erg s""'^). Line in- 
tensities were not corrected for internal absorption. Such 
a correction would increase i_f/„, but would not change 
the intensity ratios. 



Table 2. Residual velocities and line ratios for different regions 
of the "spur". 

^^i^ [Nil] /He m/H2 

(1) (2) (3) (4) (5) (6) (7) 

A -6 97 12 1.56 1.17 1.28 

±3 ±4 ±2 ±0.09 ±0.33 

B 3 108 16 0.63 0.28 1.21 

±2 ±6 ±2 ±0.03 ±0.04 

C 7 100 31 1.12 0.69 0.67 

±3 ±7 ±3 ±0.05 ±0.30 

D 7 144 18 0.67 0.12 0.25 

±3 ±8 ±1 ±0.07 ±0.03 

E -7 101 17 0.61 0.19 1.93 

±1 ±4 ±5 ±0.03 ±0.02 

F -1 -108 14 0.50 0.35 1.78 

±2 ±3 ±6 ±0.02 ±0.03 

G -1 122 54 0.87 0.18 0.63 

±3 ±5 ±8 ±0.06 ±0.03 

H — — -15 4.7 — 0.27 



As seen in Table g, the "abnormal" component is es- 
pecially strong on the periphery of the "spur" (regions A 
and D). It is just where the relative intensity of the nitro- 
gen fine is observed to be the largest: [NII]A6583 in these 
regions is comparable to Hq, and sometimes is larger (see 
Fig. |a and |c). 

It should be noted however that there is an uncer- 
tainty in the estimates of line ratios due to continuum 
subtraction the overlapping of two interference orders. In 
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Fig. 5. Ha image of the "spur" and examples of emission line profiles from regions around/in the "spur" (see the text for 
details). In each spectrum the x-axis is in kms^^ and the y-axis is a intensity in relative units . The arrow in each frame 
corresponds to the value of the mean circular rotation velocity. "Normal" and "abnormal" components of He, are marked as 
"n" and "a", [NII]A6583 line is marked as "[Nil]". Above each frame the velocity of the "abnormal" component of Ha is given 
(if present). 



addition, the transparency of the interference filter is dif- 
ferent for [NII]A6583 and lines, and the velocity varia- 
tions of these components may also change their observed 
relative intensity. But it cannot affect the results signif- 
icantly because within the same region the observed ve- 
locity range of any component usually does not exceed 
50kms~^. Note also that independent measurements of 
the line intensity ratios in bright HII regions of the "spur" 
carried out at the same telescope with the long slit spec- 



trograph UAGS (A.N. Burcnkov, private communication) 
give [NII]A6583/Hc « 0.31 ±0.03, which is in good agree- 
ment with our own measurements. 

In the Region B and in the Region D which captures 
the extension of the bright HII region, the [Nil] line in- 
tensity is relatively low ([NII]A6583/Hq, w 0.5), and the 
non-circular component is seen only as an asymmetry in 
the Ha profile. In Region E, which extends over about 2 
kpc between two bright HII regions, the relative intensity 
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of the "abnormal" component is also low, less than 20% of 
the normal one. Non-circular motions of the gas are traced 
by an enhanced "red" wing of the Ha profile. A similar 
asymmetry is typical for [Nil] line profiles in this region. 
In the Region G, neighboring E, the intensity of [Nil] be- 
comes comparable to ■ Non-circular components of 
are not detected (Fig. ||g), but the [Nil] fine is redshifted 
by at least 50kms~^ with respect to Ha- The situation is 
different in the isolated Region F, lying at the inner edge 
of the "spur". The relative intensity of [Nil] looks nor- 
mal here, but the Ha line possesses a bright blue-shifted 
non-circular component. Note that this is the same region 
where the negative relative velocity excess was found ear- 
lier by Afanasiev et al.( 1988 ) from long-slit observations 
of Ha with lower spectral resolution. 

Finally, the Region H, lying on the continuation of the 
"spur" differs from the other regions by an unusually weak 
Ha fine ([NII]A6583/II„ w 5 ± 2) and by the absence of a 
noticeable non-circular component. 

Let us note that all anomalies in the emission lines 
profiles cannot result from the errors of the night sky sub- 
traction. In Fig. 1^ we present examples of the abnormal 
emission profiles from Fig. || and the night sky spectrum 
from Fig. |^ on the same intensity scale. Fig. |^ a-c show 
some profiles with double- horned Ha line and/or abnor- 
mal [Nil] /Ha ratio. In contrast, in Fig. |^ we plot a "nor- 
mal' ' Ha profile from the SW side of the galaxy, opposite 
to the "spur" region. Obviously all lines from the object 
are more intense than the sky spectrum. Moreover the 
brightest lines of the sky spectrum are located only near 
the 'normal' component of the Hq line (Fig. ^ and|^b). 
Therefore the "abnormal" component of the Ha line and 
the largest [Nil] lines are not related with overestimation 
or underestimation of the sky spectrum contribution. 

To summarise, the residual velocity distribution looks 
rather complex. From Table ^ it can be found that the 
"normally" rotating gas does not show a systematic devi- 
ation (within 7— lOkms"^) from the line-of-sight compo- 
nent of circular rotation. The "abnormal" component of 
Ha is strongly redshifted everywhere except the isolated 
region F where the residuals have the same order of magni- 
tude, but are negative. Velocity profiles of [Nil] unlike Ha 
reveal only one component, excluding the region E where 
there is a hint that some profiles are double-horned. The 
velocities measured from the [Nil] profiles exceed those 
obtained from the "normal" Ha profile components by 
10 — 50kms^^ in all regions with the exception of the 
Region H where the sign of the difference is opposite. Fi- 
nally, the residual velocities found from the "abnormal" 
Ha components and from the [Nil] lines have the same 
sign in all regions except the region F, which support the 
hypothesis that these velocity anomalies could be related 
phenomena. 
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Fig. 6. The Ha and [Nil] profiles (solid lines) in comparison 
with the night sky spectrum (dashed lines) on the same inten- 
sity scale, a - the line profile from the Region A (red "abnor- 
mal" component of Ha), b - the line profile from the Region 
F (blue "abnormal" component ) , c - the line profile from the 
Region H (only the [Nil] line without Ha), and d - the Ha 
profile from the opposite side of the galaxy. 



4. Discussion 

As shown above, there exists at least two different systems 
of emitting gas in the "spur" of NGC 1084. One of the 
gaseous systems shows nearly circular rotation, while the 
velocities of the other one differ by about ±100 kms"""^ 
from those expected in the case of non-perturbed rotation, 
and in the most regions the difference is positive. 

The common explanation of double-peaked emission 
lines in star-forming galaxies, namely an expanding su- 
perbubble, is inapplicable in this particular case because 
the regions with velocity anomalies have an unusual loca- 
tion in the sky plane. As shown in the section 2.2 the SE 
half of the galaxy disk is the nearest to the observer. In 
this case the region of redshifted residual velocities lies on 
the nearest side while the region of blueshifted velocities 
lies on the far side of the disk. This would rather suggest 
a shrinking superbublc, which is improbable. 

If a sound velocity in the gas clouds of the "spur" 
is close to its mean value for the ISM in outer disk re- 
gions of spiral galaxies (solar neighbourhood as example), 
10 — 15kms^^, then , the velocity of perturbed motions 
exceeds strongly the sound velocity ( of neutral hydrogen). 
The observed enhancement of the [Nil] emission line and 
the lower velocity difference measured from the [Nil] pro- 
files may be naturally explained if one considers the strong 
[Nil] emission line as emitted by shock-excited gas slowed 
down by collisions with the unperturbed medium. 

Such fast-moving gas cannot be retained by the galac- 
tic plane and must fill a volume with some filling factor, 
so there could be different gas velocities along the line-of- 
sight. This accounts for the complex shape of emission- 
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Fig. 7. Residual velocities in the "spur" after subtraction of 
a pure circular rotation, a - for the "normal" Ha component 
and b - for the "abnormal" component. Ha intensity contour 
is overlapping these maps. 



line profiles on a scale of 200pc (a pixel of 2" ). So it 
is not surprising that the residual velocity field appears 
complex being projected onto the galactic plane. Bright 
HII regions, connected vifith massive gas clouds have quite 
normal velocities. The perturbed component, if it exists 
there, might be hidden by the bright background. 

There are at least two possible interpretations of the 
observed velocity peculiarities. 

One is an infall of high latitude gas clouds (intergalac- 
tic clouds or clouds expelled from the disk earlier) onto the 
galactic disk. Massive starforming clouds in the disk are 
too heavy to be pushed by gas inflow, so their velocities 
remain circular as observed, although the interaction with 
infalling gas may trigger star formation there. A similar 
phenomenon on smaller scales is occurring in our Galaxy, 
where high-velocity clouds (HVCs) are observed far from 
the galactic plane. Their infall onto the disk is confirmed 
by the detection of X-ray emission from heated gas spots 

1999] ). The existence of gas 



(Kerp et al. 1994; Kerp et al 



off the galactic plane has also been noticed in external 
spiral galaxies, for example in NGC 891 ( Swaters et al. 



1997) 



However, invoking the HVCs explanation is in contra- 
diction with the measure of the current star formation rate 
(SFR) in NGC 1084, as deduced from the integrated inten- 
sity of Ha ■ by using the total Ha flux emission from Ken- 
nicutt & Kent ( 1983| ) and Lh^ = Lh^+[nii]/^-5 one gets 
Lh^ ~ 4.5 • 10*^ erg s~^ (absorption Ahu was accepted 
to be 1™). The model dependence between Lh^ and the 
SFR (Kennicutt |l983| ) gives SFR « AMq year"! for the 
stellar mass interval 0.1 — 100 M©. This value is normal 
(or mildly enhanced) for a late-type galaxy. The "spur" 
luminosity fraction is about of 18% of the total Ha flux, 
and corresponds to as SFR ^ O.8M0 year~^ in the "spur" 
region. On the other hand, the present-day SFR may be 



more intense in this galaxy: three supernovae have been 
detected during the last 40 years. These are SN 1963P 
, SN 1996an and SN 1998dl. The latte r two are Type 
II supernovae (Nakano 1996; Filippenko p_998 ) connected 
with recent star formation. The location of both SNe II 
are marked by white crosses in Fig. |^a. So it cannot be 
excluded that the observed off-disk gas may be expelled 
during the short and intense burst of starformation which 
took place in this region of the galaxy. 

Moreover the central parts of the HII regions in the 
"spur" has a very blue color ( the color index {V — Ic) « 
0.4 — 0.5). This may indicate a large fraction of young 
OB stars (see Fig. ^). The red features on the E-side of 
the "spur" (Region A) with {V - Ic) ~ 1. - 1.2) can 
be explained by strong dust absorption due to the shock 
waves in the "spur" region. 

The second possible interpretation is an interaction 
with a gas-rich dwarf galaxy accompanied by tidal disrup- 
tive merging. Indeed, on the opposite side of the galaxy, 
at i? « 70" to the S of the nucleus, there is a small "is- 
land" of Ha emission (Fig. ^). It does not distinguish 
itself dynamically, but the radio map in the non-thermal 
continuum at 1.49 GHz obtained at the VLA (Condon 
1987 ) shows that a long radio tail begins here which 



connects NGC 1084 to another radio source located 3.'5 
(about two optical diameters) from the galaxy. As no HI 
map at 21 cm is available for NGC 1084, one cannot con- 
firm whether this radio tail contains some expelled gas. 
But the configuration resembles a tidal tail as usually de- 
veloping on the opposite side of a galaxy colliding with 
another one. Therefore, the gas flow twisted in the north- 
ern half of NGC 1084 might be accretion; if the initial ro- 
tation momentum of this gas is nearly orthogonal to the 
rotation momentum of NGC 1084, the gaseous flow could 
look like an off-center polar ring. This hypothesis would 
explain easily the different signs of velocity anomalies in 
the NW and SE ends of the "spur": we would be seeing 
the receding and approaching parts of the rotating "po- 
lar ring" . Such a configuration is short-lived because all 
the gas must fall towards the center of the galaxy in some 
10® years, but this time is not too short to prevent its 
detection. 

To clarify further the possible mechanisms responsible 
for the peculiar velocity field of the "spur" , high-resolution 
observations of neutral and molecular gas distributions 
and two-dimensional spectral investigations in various for- 
bidden optical emission lines are required. 

5. Conclusions 

The 2D velocity field of NGC 1084 obtained with the scan- 
ning Fabry-Perot interferometer tuned at the redshifted 
Ha and [NIIJA6583 emission lines has revealed an extended 
region in the NE part of the galaxy where two kinemat- 
ically distinct gas systems are present. The first system 
is related to normally rotating gas, whereas the second 
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one reveals line-of-sight velocities diflFering by ±(100 — 

150) km s"'^. The "spur" covers a region of 1 — 2 kpc in 
size and avoids the bright HII regions. The fast-moving gas 
is mostly characterized by enhanced [NII]A6583 emission, 
which evidences for the presence of strong shock waves. 
Possible explanations for this phenomenon are the infall 
of extraplanar high-velocity clouds or the tidal disruption 
and accretion of another small galaxy. 
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